lthough atrial fibrillation (AF) is the most commonly encountered arrhythmia and is associated with a high incidence of stroke and increased cardiovascular mortality, 1,2 in many cases it is still difficult to treat. Previous studies argued that multisite atrial pacing may prevent the recurrence of AF, [3] [4] [5] [6] [7] [8] [9] [10] but in the application of biatrial pacing, we have often found double-counting of the intracardiac electrogram in the atrium because of interatrial conduction delay. The slow conduction in the right atrium and retrograde left atrial activation result in inhomogeneous activation of the left atrium and intra-and interatrial asynchrony. This conduction delay is important relation to the mechanisms that underlie AF, and the majority of patients with interatrial conduction delay have a high incidence of atrial tachyarrhythmias. 11 In the present study, we evaluated double-counting of the intracardiac electrogram in the atrium and used it to estimate the atrial pacing threshold.
Results

Device Performance
The mean pacing threshold was evaluated as output (V) × pulse width (ms). The mean pacing threshold was 2.0± 2.0 V× ms and 0.64±1.0 V× ms for the left and right atrium, respectively. The sensed atrial amplitude was 2.4±1.4 mV. The mean ventricular pacing threshold was 0.4±0.28 V× ms, and the sensed ventricular amplitude was 12.5±6.2 mV (Table 1) .
Atrial Conduction Delay
Atrial sensing within the atrial refractory period after atrial pacing was recorded in 6 of the 10 patients when pacing failed in the left or right atrium. A representative case is shown in Figs 1 and 2. The interval between 2 atrial markers of the event counter in each P wave was measured as a timing of the double counting and was 143±64 ms (Table 1) . Atrial sensing within the atrial refractory period after atrial pacing disappeared when biatrial pacing was successfully performed. In the other 4 patients, atrial sensing within the atrial refractory period after atrial pacing was not recorded even when pacing failed in the left or right atrium. The atrial blanking period was 50-100 ms, automatically determined by the pacemaker. 
Memory Function of Implanted Pacemaker Devices
In 6 of the 10 patients the memory function of the implanted pacemaker devices misinterpreted normal sinus rhythm as atrial tachyarrhythmias because of atrial doublecounts (Fig 3) .
Discussion
P wave duration and morphology are good markers of AF recurrence. 12, 13 Compared with sinus rhythm, 14 conventional right atrial pacing prolongs P wave duration and can cause recording of split atrial intracardiac electrograms. 15 Clinical studies have shown that multisite atrial pacing may be effective in preventing the recurrence of AF. [4] [5] [6] [7] [8] [9] [10] There is marked shortening of the P wave duration with biatrial pacing in AF patients. 16 However, during biatrial pacing in AF patients, estimation of the incidence of AF by the memory function of the pacemaker is sometimes difficult because the reliability of the memory function is not clear and there is not a specially designed pacemaker for multisite atrial pacing. A high right atrial lead and left atrial coronary sinus lead are usually connected by a Y-connector to achieve biatrial pacing and simultaneous left and right atrial intracardiac electrograms can be recorded. However, inter-atrial conduction delay may lead to atrial doublecounts and in patients with markedly prolonged inter-atrial conduction delay the left and right atrial intracardiac electrograms are double-counted during sinus rhythm. It occurs when the inter-atrial conduction delay is longer than the atrial blanking period. As a result, the memory function of implanted pacemaker devices misinterprets normal sinus rhythm as atrial tachyarrhythmias. In the present study, atrial sensing within the atrial refractory period after atrial pacing was counted because of the markedly prolonged interatrial conduction time, which in 6 of the 10 patients was longer than the atrial blanking period when pacing failed in the left or right atrium. In the other 4 patients, atrial sensing within the atrial refractory period after atrial pacing was not recorded.
The following 3 reasons are suggested as mechanisms.
(1) The inter-atrial conduction time was shorter than the atrial blanking period.
(2) The amplitude of the double-counting was too small. (3) The atrial waves of the double-counting were in the atrial blanking after a ventricular event because of the short PQ interval.
Atrial double-counting needs to be eliminated when the incidence of atrial tachyarrhythmias is estimated by the Fig 2. (a) During sinus rhythm, the second atrial sensing was recorded 80 ms after the first atrial sensing. As the second one was within the atrial blanking period, it was not counted. (b) When pacing failed in the left or right atrium, atrial sensing within the atrial refractory period was recorded 110 ms after atrial pacing, which was longer than the atrial blanking period. (c) Atrial sensing within the atrial refractory period after atrial pacing disappeared when biatrial pacing was successfully performed. AS, atrial sensing; AP, atrial pacing; AR, atrial sensing within the atrial refractory period after atrial pacing; VS, ventricular sensing. memory function of implanted pacemakers. Unipolar atrial sensing is required to avoid this phenomenon. In the current study, we eliminated atrial double-counting by changing from biatrial pacing to right atrial unipolar pacing and the problems will be ultimately solved when a specially designed pacemaker for multisite atrial pacing is used.
Biatrial pacing has 2 atrial pacing thresholds; one is for both the left and right atria (biatrial pacing threshold) and the other is for either the left or right atrium (uniatrial pacing threshold). Estimation of the atrial pacing threshold is sometimes difficult because of small P waves. On the other hand, the biatrial pacing threshold is easily recognized using atrial double-counting. Atrial sensing within the atrial refractory period after atrial pacing is recorded when pacing fails in the left or right atrium. Atrial sensing within the atrial refractory period after atrial pacing disappears when biatrial pacing is successfully performed.
In conclusion, the memory function of pacemaker devices is unreliable because of atrial double-counting during sinus rhythm in patients with biatrial pacing. However, the biatrial pacing threshold is easily checked using this phenomenon.
